This study aimed to evaluate rib fracture rate as well as rib fracture characteristics after thoracic trauma in patients with normal versus diminished bone mineral density (BMD). A retrospective cohort study of persons aged 50 years or older presenting to the Emergency Department after sustaining blunt thoracic trauma between July 1, 2014, and December 31, 2017, was performed. Patient and trauma characteristics and DXA scan results were collected. Rib fracture rate and characteristics were evaluated on a radiograph and/or CT scan of the thorax. In total, 119 patients were included for analysis. Fifty-eight of them (49%) had a diminished BMD. In the remaining 61, the BMD was normal. The diminished BMD group experienced rib fractures more often than the normal BMD group (n = 43 (74%) versus n = 31 (51%); p = 0.014). Patients with diminished BMD suffered low-energy trauma more frequently than the normal BMD group (21 (36%) versus 11 patients (15%), respectively (p = 0.011)). Rib fracture characteristics such as the median number of rib fractures, concomitant intrathoracic injury rate, and rib fracture type distribution were not different between the groups. The rate of rib fractures after blunt thoracic trauma was significantly higher in patients with diminished BMD than in patients with a normal BMD. Differences in number and location of rib fractures between groups could not be proven. When assessing patients aged 50 years or older presenting to the hospital after substantial blunt thoracic trauma, the presence of diminished BMD should be taken into account and the presence of rib fractures should be investigated with appropriate diagnostic procedures. Diminished bone mineral density (i.e., osteopenia or osteoporosis) is associated with increased fracture risk. This study evaluated if diminished BMD increases the rib fracture risk. Patients with diminished BMD have a higher risk of sustaining rib fractures after substantial blunt thoracic trauma, which implicates a lower threshold for CT imaging of the chest.
Introduction
Rib fractures account for approximately 10% of all trauma admissions and are seen in up to 39% of patients sustaining blunt thoracic trauma [1] [2] [3] [4] . Young patients often suffer rib fractures after high-energy trauma (HET) such as a motor vehicle collision (MVC) or a fall from height [5] . In elderly patients aged 65 years or older, over 50% have sustained rib fractures following low-energy trauma (LET) such as a fall from standing height [6, 7] . The number of rib fractures, pre-existent pulmonary pathology, and age are known risk factors for rib fracture-associated mortality and morbidity [2] [3] [4] [7] [8] [9] [10] [11] [12] [13] . Rib fractures are the most common fractures in men and second most common in women over 65 years [14] [15] [16] . The mortality of rib fracture patients over 65 years is two-to fivefold higher than younger patients with similar injuries; therefore, this is a vulnerable patient group [7, 11] .
Besides age, diminished bone mineral density (BMD) has been shown to increase fracture risk [17] [18] [19] [20] . Osteoporosis, defined by the World Health Organization (WHO) as a BMD T-score of − 2.5 and lower, is a common and increasing disease resulting in a higher risk of spine, hip, and wrist fractures [21, 22] . In Europe, 27.5 million people suffer from osteoporosis and 3.5 million new fragility fractures are sustained annually [23] .
Diminished BMD also increases the risk of rib fractures after blunt thoracic trauma [15, 24, 25] . In addition, a history of one or more rib fractures doubles the risk of any subsequent fracture, suggesting this to be a consequence of a diminished BMD [14, 15, 26, 27] . Concomitant injury after rib fractures is common [4, 6, 12, 28] . Thus, an increased probability of serious injury might be considered in patients aged 50 or older, even when rib fractures are sustained after low-energy trauma. The primary aim of this study was to determine the rate of rib fractures in patients with normal versus diminished BMD (i.e., osteopenia or osteoporosis) after blunt thoracic trauma. Secondary aims were to determine the number of fractures, the occurrence of concomitant intrathoracic injuries, and the rib fracture types in these patients.
Methods

Design and participants
A retrospective observational cohort study was conducted at a level 1 trauma center after approval by the local Medical Research Ethics Committee. All persons aged 50 years or older who attended the Emergency Department after having sustained blunt thoracic trauma in the period between July 1, 2014, and December 31, 2017, were considered eligible. Blunt thoracic trauma was defined as motor vehicle collisions, falls, vehicle versus pedestrian, acts of violence, and blast injury, excluding all penetrating trauma such as stabbings and gunshots, as registered by the care provider at Emergency Department admission [29] . Patients were identified from the Trauma Department's osteoporosis registry. This registry includes all patients who attended the Emergency Department and were aged 50 years or older with a recently sustained fracture. These patients were invited for osteoporosis screening. The criteria for obtaining a DXA scan are an age of 50 years and older and having sustained a fracture or patients with a significantly increased fracture risk (e.g., the disorders mentioned in exclusion criterion 2, see below).
Patients with any of the following criteria were excluded: (1) time lapse of > 12 months between thoracic trauma and DXA scan (as the BMD might have changed over this period of time); (2) (congenital) skeletal disorders associated with increased fracture risk (e.g., osteomalacia, Paget's disease, osteogenesis imperfecta, or malignancy [30]); (3) no results of osteoporosis screening registered in the patient's medical files or osteoporosis registry; (4) patients who were listed as having sustained thoracic trauma but no details on thoracic trauma were registered in the medical files; or (5) no radiographic image(s) of rib fractures available in the patient's electronic medical record (either thoracic CT scan or thoracic X-ray).
Data collection and outcome measures
Data were extracted from the patient's electronic medical record. The presence of at least one rib fracture as seen on X-ray or CT scan of the thorax served as the primary outcome measure. If available, the findings of the CT were used for analysis.
Secondary outcome measures were:
& Characteristics of rib fractures (as reported in the radiology report): number of fractured ribs (i.e., ribs 1 to 12); location of the fractured rib(s) (i.e., cranial (ribs 1-3), middle (ribs 4-10), or caudal (ribs 11-12) segment of the chest wall); location of the fracture (i.e., anterior, costochondral junction to axillary line at one-third of the rib length; axillary, from axillary line to the point perpendicular to a vertical line down from the inferior angle of the scapula; posterior, from axillary endpoint to the joint between transverse process and costal end, or overlapping between the three locations); the affected side (i.e., left, right, or both), presence of a flail chest (defined as three or more consecutive ribs fractured at two or more places [31, 32] ), presence of concomitant intrathoracic injuries (i.e., pulmonary contusion, pneumothorax, hemothorax, intrathoracic bleeding, or arterial dissection) & Classification of every rib fracture seen on the CT scan (type A, non-displaced fracture; type B, > 2-mm displaced fracture; type C, complex fracture) ( Fig. 1 ) [33] . Classifications were done by a trained researcher (MRLR) and checked by a trauma surgeon (MMEW)
In addition to the outcome measures, the following data were collected from the patient's electronic medical record: intrinsic variables (i.e., age, gender, and DXA scan result (lowest T-score of either the proximal femur or lower lumbar spine, and BMD categorization as normal, T-score > − 1.0; osteopenia, T-score of − 1.0 to − 2.5; or osteoporosis, T-score < − 2.5)) and suspected trauma mechanism defined as HET (traffic accident, pedestrian or person on bicycle hit by vehicle with a speed > 10 km/h or any other accident involving vehicles with a speed > 45 km/h; fall from height, fall from > 2 times standing height; and other, trauma described as HET in the patient file that was not fall or traffic related) or LET (traffic accident, any traffic accident with speed lower than described for high-energy trauma; fall, fall from maximally standing height; and other, trauma described as LET in the patient file that was not a fall or traffic related, i.e., lowenergy trauma or high-energy trauma).
Statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 24.0 (SPSS, Chicago, IL, USA).
Normality of continuous variables was tested with the Shapiro-Wilk test. This showed that all continuous variables deviated from a standard normal distribution. Statistical significance in patients with normal versus diminished BMD was tested; continuous, non-parametric data of two groups were tested using the Mann-Whitney U test. In cases of testing more than two groups, a Kruskal-Wallis one-way analysis of variance test was preformed, with post hoc pairwise comparison with the Mann-Whitney U test performed. Chi-square analysis or Fisher's exact test were used to test categorical data as applicable. A p value lower than 0.05 was considered statistically significant.
Results
During the study period, a total of 488 patients were registered in the Trauma Department's osteoporosis registry (Fig. 2) . Three hundred and fifteen patients were excluded because no DXA scan was performed and 54 patients met other exclusion criteria. A total of 119 patients remained for analysis.
First, analysis was performed comparing patients in the osteopenia group, osteoporosis group, and normal BMD group (Table 1 ). Since separate groups were small and a diminished BMD might cause decreased bone strength and therefore a higher risk of sustaining fractures, results are presented as a pooled group of patients with diminished BMD (i.e., osteoporosis or osteopenia). Of the 119 patients, 61 (51%) had a normal BMD and 58 (49%) had a diminished BMD. Age and gender distribution did not differ between the Table 2 ). In total, 74 (62%) patients sustained one or more rib fractures after thoracic trauma. The median number of fractures in the entire cohort was 3 (P 25 -P 75 0-7). The suspected mechanism of injury was low-energy trauma in 30 (25%) patients. The diminished BMD group suffered low-energy trauma significantly more often than the normal BMD group (36% versus 15%, respectively (p = 0.011)). The diminished BMD group also suffered rib fractures more frequently, in 43 (74%) of the patients versus 31 (51%) in the normal BMD group (p = 0.014; Table 2 ). The median number of rib fractures in patients with at least one fracture did not differ between the groups. Ribs at the cranial segment of the chest wall (ribs 1 to 3) were not fractured more often in the diminished BMD group ( Table 2 ). The number of patients with at least one rib fracture of the middle thoracic segment (ribs 4 to 10) was not different between groups (n = 39 (91%) patients of the diminished BMD group and n = 29 (94%) in the normal BMD group; p = 1.000).
Intrathoracic injury was seen in 23 patients (40%) in the diminished BMD group and in 19 patients (31%) in the normal BMD group (p = 0.345). Patients with diminished BMD did not have more type A, B, or C fractures ( Table 2) . Figure 3 shows the rib fracture type distribution and fracture frequency per rib for both groups. At the end of every bar, the percentage of the displaced and complex fracture types, type B and C correspondingly, combined is given. Patients with diminished BMD did not have type B and C fractures (n = 145 (65%) of all fractures) more commonly than patients with normal BMD (n = 125 (64%); p = 0.760).
Discussion
This retrospective study showed that the rate of rib fractures was significantly higher in patients with diminished BMD after blunt thoracic trauma than in patients with a normal BMD.
The higher rib fracture frequency in the diminished BMD group appears to be in line with previous findings. Previous studies reported an almost twofold higher risk of sustaining rib fractures for every standard deviation decrease in BMD and identified diminished BMD as an independent risk factor for rib fractures after substantial thoracic trauma in elderly patients [24, 25] . Other studies reported that the risk of a future fracture of the ribs, hip, limb, wrist, or spine was at least doubled in elderly men and postmenopausal women with a rib fracture history [14, 15, 26, 27] .
The overall HET rate of 74% in this cohort was high. Lowe et al. and Keller et al. reported a HET rate of around 10% of trauma admissions in elderly patients aged 65 or older [34, 35] . While these studies were also performed in a level 1 trauma center to which the more severely injured patients are often referred, our inclusion criteria of sustaining thoracic trauma specifically and the relatively younger group of patients (aged 50 years and older) could be an explanation. As the classification of the suspected trauma mechanism is done on-site by a paramedic, the liberal use of defining trauma as high-energy trauma could be another explanation.
In addition, the overall rate of patients with rib fractures in the current cohort (62%) is high compared with that of Lafferty et al. who reported rib fractures in up to 39% of patients after blunt thoracic trauma [1] . As the level of the trauma center is not described in Lafferty's study, it remains unknown if a difference in trauma center levels may explain this difference. Also, since we excluded patients who were registered as having sustained thoracic trauma but had no recorded details of any thoracic trauma in their medical files, the remaining study population might have a higher probability of having sustained one or more rib fractures. In this study, over 60% of the included patients had CT imaging of the thorax after trauma whereas this percentage is unknown in the aforementioned study. In patients who have suffered from HET, there was a low threshold for performing a thoracic CT scan. However, the clinical situation in combination with conventional imaging is leading in this decision. Thoracic CT imaging is superior to chest radiography. Approximately 75% of all rib fractures which are seen on chest CT are missed on radiography [36, 37] . The low sensitivity is aggravated in the trauma setting because chest radiography is performed with the patient in the supine position. Moreover, other potentially severe intrathoracic injuries are much better visualized on a CT scan than on plain radiographs. Accurate diagnosis of the number of rib fractures is relevant because it correlates to mortality [7] [8] [9] . As a result, a plain radiograph is inaccurate in identifying high-risk patients. In a large retrospective review of the National Trauma Data Bank, Flagel et al. suggested that the rate of associated intrathoracic injuries, such as pneumothorax, significantly increased for every additional rib fracture [4] . In this cohort, the diminished BMD group sustained two additional rib fractures after thoracic trauma, but this difference and the frequency of concomitant intrathoracic injuries were not significant between these groups. While the suspected trauma mechanism was significantly more often low-energy trauma in patients with diminished BMD, rib fracture characteristics such as the occurrence of flail chest, concomitant intrathoracic injuries, and rib fracture type did not differ between groups.
While a CT scan is often performed after a HET, a lowered threshold might also be applied to patients aged 50 years and older. As the presence of diminished BMD is associated with both a high rate of rib fractures as well as concomitant intrathoracic injury, thoracic CT imaging should be considered liberally in these patients. The therapeutic consequence of CT diagnosed versus radiographically diagnosed rib fractures remains debatable and should be studied prospectively [38] .
Kim et al. showed that in patients over 65 years with isolated rib fractures, only 12% were evaluated for BMD after trauma of which almost half (48%) had osteoporosis [39] . In our cohort, 35% of registered patients were evaluated for BMD of which almost half (49%) had diminished BMD. This highlights the current low awareness of the role of a low BMD and sustaining rib fractures. While rib fractures are considered an osteoporotic fracture by some, it is unknown if rib bones benefit from anti-osteoporotic treatment to prevent subsequent fractures [15, 26] . Besides, routinely performing a DXA scan after thoracic trauma in patients over 50 years can provide insight into the true prevalence of diminished BMD in this subpopulation.
In an attempt to stratify the injury characteristics, a rib fracture classification has been developed in accordance with the AO/OTA fracture classification (Fig. 1) . In this cohort, over 60% of rib fractures were either displaced (type B), or multifragmentary or segmental (both type C). With the best treatment for rib fractures remaining a subject of debate, a validated classification for rib fractures may aid in diagnosing the severity of rib fractures and would ideally predict outcome. Moreover, it could clearly define those patients who may benefit from operative treatment as flail chest and severely displaced rib fractures are currently indications for operative stabilization [31, 40] . It must be noted that in around 40% of patients, no thoracic CT scan was available. This might have affected the accuracy and distribution of the rib fracture types in the current study.
Fractures of the first and second ribs are associated with a higher risk of severe concomitant injuries to e.g. the subclavian structures and thoracic vertebrae [41] . In contrast to middle segment ribs, the individual ribs 1 and 2, and 11 and 12 are neither amenable for surgery nor essential in chest wall stability and respiration [31, 40] . Surgery therefore adds more to morbidity than benefit [31] . In our cohort, no difference was found in the number of patients who fractured ribs 1 to 3 or Data are shown as N (%) or as median (P 25 -P 75 ); italicized p values are considered statistically significant *Data were missing for two patients, both in the diminished BMD group ribs 4 to 10. Thus, patients with diminished BMD are not more likely to sustain either a complex cranial fracture that is associated with a higher risk of severe complications or a fracture of the middle thoracic segment that could benefit from operative fixation.
The current study has several limitations. The patient group might not be representative of patients aged 50 or older with rib fractures, because it was a single-center study in a level 1 trauma center, and DXA scans were only available for 35% of patients. The 119 patients selected from the 488 patients registered in the osteoporosis registry might not be able to avoid selection bias and inadequate power. The reason for the low rate of DXA scans remains unclear as this is not elaborated on in the patient's medical file. Possible explanations might include patient's unwillingness for screening or an institutional flaw in complying with the hospital's osteoporosis screening guideline. The sample size was possibly too low to detect small but potentially meaningful differences from a clinical perspective in both fracture and injury characteristics between the normal and diminished BMD groups. In addition, the present study population was too small to analyze outcomes in patients with osteopenia or osteoporosis separately, or to perform multivariable regression. Implementing a standard DXA scan in patients aged 50 or older after rib fractures is recommended to improve understanding of the true prevalence of diminished BMD in these patients. With the retrospective design of this study, outcome measures might have been affected due to missing data and underreporting. For example, the fracture history of the included patients was not available. As this is considered a confounding factor for sustaining fractures in the future, this might have affected the results. A prospective design with a larger sample size is necessary.
Despite these shortcomings, this cohort study is the largest to date that focuses on the role of BMD on rib fracture frequency and characteristics in the middle-aged and elderly patient.
Conclusion
Patients aged 50 years or older often sustain rib fractures after blunt thoracic trauma. The rate of rib fractures after blunt thoracic trauma was significantly higher in patients with diminished BMD than in patients with a normal BMD. Differences in number and location of rib fractures between groups could not be proven. When assessing patients aged 50 years or older presenting to the hospital after substantial blunt thoracic trauma, the presence of diminished BMD should be taken into account and the presence of rib fractures should be investigated with appropriate diagnostic procedures.
Future prospective studies should determine the impact of diminished BMD on complication and mortality rate after rib fractures, and focus on the therapeutic consequence of performing thoracic CT imaging at a lower threshold in elderly patients after thoracic trauma.
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